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Abstract—Since version 6.1, TELEMAC-2D users have been 
able to use a database of harmonic constants to force the open 
boundary conditions of local models within the near Atlantic 
Ocean or the English Channel. Version 6.2 enables the use of 
other databases of harmonic constants over larger domains, for 
both TELEMAC-2D and TELEMAC-3D. These include the 
regional NEA (North East Atlantic) atlas, processed by 
NOVELTIS/LEGOS (Laboratoire d’Études en Géophysique et 
Océanographie Spatiales/Laboratory of Studies in Spatial 
Geophysics and Oceanography) in the frame of the COMAPI 
project funded by CNES, which covers an area from 
Mauritania to the south of Norway, as well as the TPXO global 
tidal solution and other regional or local solutions from Oregon 
State University (OSU). Boundary conditions can vary spatially 
and temporally. 
The first part of this paper describes the three sets of databases 
currently available and the developments carried out in 
TELEMAC for two of them (near Atlantic Ocean and English 
Channel model + NEA atlas). These databases provide the 
water depths and horizontal velocity components of harmonic 
constants with a quite good spatial resolution. In particular, the 
NEA atlas deals with 47 harmonic constituents for its 
hydrodynamic solution and 15 harmonic constituents for its 
solution assimilated with satellite observations. 
The second part of this paper compares the results obtained by 
using these various databases of harmonic constants, and in 
particular their variants (different regional and local tidal 
solutions from OSU and prior or optimal solutions for NEA 
from LEGOS when satellite observations are either assimilated 
or not). The case used for this comparison is a local model of a 
candidate area to welcome tidal current turbines in Brittany in 
France. This is aimed to characterise the area with respect to 
tidal current potential (tidal currents and the evaluation of 
tidal energy yield). ADCP measurements are used to calibrate 
and to compare the results of the model when using the 
different databases of harmonic constants. 
I. INTRODUCTION 
Many studies of waterworks use numerical modelling of 
the tide as their basis. Before version 6.1, TELEMAC users 
who wanted to model tides used to implement their own 
calculations of the boundary conditions for modelling tides in 
the BORD subroutine (from a database of harmonic 
constants or from time series), sometimes by copying 
FORTRAN subroutines already used in previous studies. 
Several modifications may have been necessary for each 
simulation, as a result of which some errors may have 
occurred. Moreover, implementation may have had to be 
changed due to updates of the subroutines (e.g. BORD). 
Since version 6.1 of TELEMAC-2D, some developments 
have been integrated in order to deal with the modelling of 
tides for two reasons: 
• to propose some subroutines to deal with tides in the 
most automatic way possible in the standard version 
of TELEMAC-2D. This may facilitate calculations 
and may also decrease the number of potential errors, 
• to supply a database of harmonic constants to the 
community of TELEMAC users for free. 
Thus, since version 6.1, the modelling of tides from one 
specific calendar day with TELEMAC has been quite 
straightforward. In version 6.2, subroutines have been 
implemented that use two other databases of harmonic 
constants to calculate the boundary conditions of open 
boundaries for both TELEMAC-2D and TELEMAC-3D.  
This paper, firstly, describes the three sets of databases 
currently available and the developments carried out in 
TELEMAC for two of them (near Atlantic Ocean and 
English Channel model + NEA atlas). In its second part, this 
paper compares the results obtained by using these various 
databases for harmonic constants, and in particular their 
variants (different regional and local tidal solutions from 
OSU and prior or optimal solutions for NEA from LEGOS 
when satellite observations are either assimilated or not). The 
case used for this comparison is a local model of a candidate 
area to welcome tidal current turbines in Brittany in France. 
This is aimed to characterise the area with respect to tidal 
current potential (tidal currents and the evaluation of tidal 
energy yield). ADCP measurements are used to calibrate and 
to compare the results of the model when using the different 
databases of harmonic constants. 
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II. MODELLING TIDES WITH TELEMAC 
A. Elements of theory for modelling tides 
For each harmonic constituent, the water depth h and 
horizontal components of velocity U and V are calculated as 
below, at point M and time t: 
 F(M,t) = Σ Fi(M,t) (1) 
with 
Fi(M,t) = fi(t) AFi(M) cos(2πt/Ti - ϕFi(M) + ui0 + vi(t)) (2) 
where F is the water depth h or one of the horizontal 
components of velocity U or V, i refers to the considered 
constituent, Ti is the period of the constituent, AFi is the 
amplitude of the water depth or one of the horizontal 
components of velocity of the constituent, ϕFi is the phase, 
fi(t) and vi(t) are the nodal factors and ui0 is the phase at the 
original time of the simulation. 
The water depth and velocities of each constituent are 
then summed to obtain water depths and velocities to 
prescribe for open boundary conditions: 
 h = Σ hi - zf + zmean (3) 
 U = Σ Ui (4) 
 V = Σ Vi (5) 
where zf is the bottom elevation, and zmean is the level used to 
calibrate the sea levels. 
The coefficients AFi and ϕFi are constant in time and only 
depend on the location. This information is highly sought 
after in the modelling of tides and some databases do exist 
for different areas. Three of them can now be used with 
TELEMAC-2D and TELEMAC-3D. 
B. Various databases of harmonic constants available to 
use with TELEMAC 
1) JMJ from LNH: Jean-Marc Janin (JMJ) and Xavier 
Blanchard performed the deterministic simulation of tides 
throughout a full lunar cycle in order to calculate current 
fields in the English Channel and the near Atlantic Ocean for 
the four harmonic constituents M2, S2, N2 and M4 [1]. The 
results are harmonic constants that constitute a database used 
to calculate boundary conditions for modelling local areas. 
The area covered by the model includes the Continental Shelf 
and the mesh includes 29,229 triangular elements (see Fig. 
1). The element size varies from 2 km close to the coast to 40 
km offshore. The JMJ model considers four harmonic 
constituents (M2, S2, N2 and M4). The model gives 
amplitudes and phases for the tidal elevation and for the two 
horizontal components of the current. 
 
Figure 1.  Extent of the JMJ model. 
A manual for using this methodology to model tides in 
the English Channel and near Atlantic Ocean with in version 
6.1 of TELEMAC-2D exists in French [2] and is to be 
translated in English for version 6.2 (including the new 
developments). 
2) NEA from LEGOS: Boundary conditions can also be 
derived from the regional NEA (North East Atlantic) atlas, 
processed by NOVELTIS/LEGOS in the frame of the 
COMAPI project funded by CNES [3],[4]. The atlas covers 
the North-East Atlantic, from Mauritania to the south of 
Norway (see Fig. 2). The atlas gives amplitudes and phases 
for the tidal elevation and for the two horizontal components 
of the current. The latest version (spring 2010) has 47 
harmonic constituents (2MK6, 2MN6, 2MS6, 2N2, 2Q1, 
2SM2, 2SM6, ε2, J1, K1, K2, KJ2, L2, λ2, M1, M2, M4, 
M6, Mf, MK3, MK4, MKS2, Mm, MN4, MO3, MP1, MS4, 
MSK6, MSN2, MSN6, MSqm, Mtm, µ2, N2, ν2, O1, P1, 
Q1, R2, ρ1, S2, S4, σ1, SK4, SN4, T2 and Z0). The 
resolution is roughly 20-25 km for the ocean and 4 km 
closer to shore. 
 
Figure 2.  Extent of the regional NEA atlas, processed by 
NOVELTIS/LEGOS in the frame of the COMAPI project funded  
by CNES (source [6]). 
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In addition to the hydrodynamic solutions, the NEA atlas 
provides 15 harmonic constituents (2N2, K1, K2, L2, M2, 
M4, MS4, µ2, N2, ν2, O1, P1, Q1, S2 and T2) improved by 
the assimilation of satellite observations. Hydrodynamic 
modelling is based on T-UGOm finite element software. 
Data assimilation, built on the ensemble representer 
approach, is based on the SpEnOI software (both softwares 
are available at LEGOS [5]). It must be mentioned that 
SpEnOI data assimilation can be used with any 
hydrodynamic software (including of course TELEMAC). 
Both T-UGOm and SpEnOI outputs are available in 
unstructured (native) or structured (interpolated) data 
formats. 
NEA atlas (and some others, such as Mediterranean Sea, 
Persian Gulf, Amazon/Guyana shelf etc.) can be downloaded 
from Sirocco (an INSU communal service) website under 
user registration conditions. Please contact 
sirocco@aero.obs-mip.fr to request them. 
3) TPXO global tidal solution and regional/local tidal 
solutions from OSU: Oregon State University (OSU) 
provides one global tidal solution (called TPXO) and several 
regional and local tidal solutions [7]. For example, to model 
French or UK coasts, the Atlantic Ocean (AO) and the 
European Shelf (ES) that covers the North-East Atlantic 
ocean, models exist on a structured grid, with 11 harmonic 
constituents (M2, S2, N2, K2, K1, O1, P1, Q1, M4, MS4 
and MN4) or 13 constituents for the TPXO global solution 
(same as ES or AO + Mf and Mm). The solutions give 
amplitudes and phases for the tidal elevation and transport 
from which the two horizontal components of the current 
can be deduced (by dividing transport by water depth). The 
resolutions of the different models are, for example, ¼ 
degree for the TPXO global solution, 1/12 degree for the 
regional Atlantic Ocean solution and 1/30 degree for the 
local European Shelf solution (see Fig. 3). See [7] for further 
explanation. 
These harmonic constants can also be used to reconstruct 
the initial conditions for the simulation (free surface  
 
 
Figure 3.  Extent of the local European Shelf (ES) solution (source [7]). 
elevation and/or velocities), even when using other databases 
of harmonic constants for calculating open boundary 
conditions. 
Moreover, an option can be enabled to infer (i.e. deduce) 
minor constituents (2Q1, σ1, ρ1, M1,  χ1, π1, ϕ1,  θ1, J1, 
OO1, 2N2, µ2, ν2, λ2, L2 and T2) from a small number of 
them (M2, S2, N2, K2, K1, O1, P1 and Q1). However, one 
must remember that spectrum extension using admittance 
functions becomes much less accurate in shallow waters 
regions. Also, additional non-linear tides might be required to 
accurately capture the tidal elevation and currents in some 
regions, typically inside the English Channel. 
C. Applications in TELEMAC for JMJ and NEA databases 
A steering subroutine for tide may be useful for users 
(TIDAL_MODEL_T2D or TIDAL_MODEL_T3D) where 
some parameters that are not defined as keywords may be 
changed, in particular for the JMJ database. 
A tidal harmonic constants file can be generated directly 
within TELEMAC for the JMJ tidal database [2], whereas it 
has to be done outside TELEMAC for NEA in version 6.2 
(with COMODO tools [8]). The reason for using such a file 
rather than storing whole databases locally is to save 
memory. When using tidal databases from OSU (e.g. TPXO, 
AO or ES), there is no need to generate a harmonic constants 
file. When using the JMJ model, TELEMAC interpolates the 
harmonic constants for nodes at the open boundaries of the 
local numerical model for the JMJ tidal database. 
Many mesh coordinates are able to be dealt with in the 
JMJ or OSU tidal databases: 
• WGS84 UTM (North or South) - Universal 
Transverse Mercator, 
• NTF Lambert (1 North, 2 Center, 2 Extended, 3 
South, 4 Corsica), 
• Mercator for TELEMAC. 
Although classical mesh coordinates that are already 
implemented are strongly recommended for use in building 
TELEMAC models, users can employ their own geographic 
system. However, they would have to implement, for 
themselves, the conversion formulae from the specific 
system to the geographic WGS84 system (longitude/latitude 
in decimal degrees). For JMJ, indicating mesh coordinates is 
necessary only when generating the harmonic constants file; 
this is not needed for only calculating open boundary 
conditions with the use of a tidal harmonic constants file that 
has been generated previously). When needed, the 
geographic system must be declared as a keyword. 
Boundary conditions (water depth and/or horizontal 
components of velocity when they vary in time) are then 
calculated at each time step for open boundary nodes. 
To calculate the nodal factors (fi(t), vi(t)) and the phase at 
the original time of the simulation (ui0), Pugh's formulae [9] 
are used for the JMJ database, whereas Schureman's 
formulae [10] are used for the NEA database. For these two 
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databases, different options are available for calculating the 
multiplier nodal factors fi(t): 
• nodal factors are calculated at the beginning of the 
computation and are then frozen, 
• nodal factors are calculated at each time step. 
Three calibration parameters are available for adjusting 
the results when calculating open boundary conditions. These 
are keywords for both TELEMAC-2D and TELEMAC-3D: 
• one multiplier coefficient to calibrate tidal ranges 
(called CTIDE in TELEMAC subroutines), 
• one multiplier coefficient to calibrate velocities 
(called CTIDEV in TELEMAC subroutines), 
• one multiplier coefficient to calibrate sea level 
(called MSL in TELEMAC subroutines). 
In practice, the previous formulae become: 
 h = CTIDE Σ hi - zf + MSL (6) 
 U = CTIDEV Σ Ui (7) 
 V = CTIDEV Σ Vi (8) 
Reference date and hour must be entered in the steering 
file before simulation (which can be different from the 
beginning of the simulation). 
III. TEST CASE 
A. General presentation 
A coastal model is used to compare the results of 
TELEMAC-2D simulations when using the different 
databases of harmonic constants to force open boundary 
conditions. This case is a local model of a candidate area to 
welcome tidal current turbines off Paimpol-Bréhat (in 
Brittany) in France, connected to the grid in order to generate 
electricity from the energy of tidal currents. The original aim 
of using this numerical model is to characterise the area with 
respect to tidal current potential (tidal currents and the 
evaluation of tidal energy yield) [11],[12]. ADCP 
measurements are used to calibrate and to compare the 
results of the model when using the different databases of 
harmonic constants. Paimpol-Bréhat tidal current site is 
located in the English Channel off the coast of Brittany (in 
the French department of Côtes-d'Armor). The principal port 
in the zone is Paimpol 
B. At sea measurements 
Several measurement campaigns were carried out in the 
Bréhat zone. For this study, only the results of one of these (a 
campaign lasting three months) are used. This three-month 
campaign was carried out during spring of 2008 (from the 
end of March to the end of June). Two ADCPs were 
deployed to measure flow velocity (magnitude and direction) 
over the full water column. The two ADCPs were located 0.5 
to 1.7 km from the potential site (points 1 and 2 (2008) and 
around 1.5 km distant from one another, as illustrated in Fig. 
4). 
During the campaign in 2008, the maximum velocities 
during flood were somewhat greater than during ebb at the 
Paimpol-Bréhat site. The tidal rose is asymmetric (in 
magnitude and direction). The flow is bidirectional with two 
predominant directions: around 120° clockwise relative to 
north during flood (i.e. south-east) and around 320° during 
ebb (i.e. north-west), which means that ebb and flood are not 
at perfectly opposed angles (but on a bearing of around 
200°). 
C. Numerical modelling presentation 
The area covered by the model is almost square, 
extending approximately 60 km from north to south and from 
west to east, respectively. Its extent can be seen in Fig. 4. No 
tidal current turbines are modelled in this TELEMAC model. 
The digital bathymetric data of the zone were purchased 
from the French Navy Hydrographic and Oceanographic 
Service (©Copyright 2007 SHOM. Produced with the 
permission of SHOM. Contract number 67/2007). These 
consist of probes and a Digital Elevation Model covering the 
English Channel and Atlantic Ocean metropolitan coasts. 
Once the location of the potential site was determined, an 
additional bathymetry measurement campaign was carried 
out. Fig. 4 represents the bathymetry of the numerical model 
over the entire study domain. 
The mesh used for this numerical model is a finite 
element mesh generated with the aid of the MATISSE v1.0 
grid-generation software. It consists of 14,129 nodes and 
27,425 triangular elements. The element size varies from 300 
m at the coast to approximately 1.6 km in the zones of the 
greatest depths (to the west and north of the model). The 
mesh is progressively refined to 50 m, specifically at 
potential installation sites for tidal turbines (the zone of 
interest). 
 
Figure 4.  Bathymetry of Paimpol-Bréhat model and location of ADCP 
deployment. 
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The physical parameters chosen for the TELEMAC-2D 
model are the following: 
• the dissipation through bed friction is modelled using 
a uniform Strickler coefficient over the entire study 
domain, 
• the Coriolis effect is taken into account. Neither 
meteorological effects (wind, atmospheric pressure, 
surge/wane) nor wave effects are considered. 
Therefore, all flow velocities shown henceforth only 
take into account the astronomic tide, 
• no specific turbulence model is employed. Therefore, 
a constant coefficient of viscosity equal to the default 
value of 10-4 is applied over the whole domain. 
The chosen numerical parameters of the TELEMAC-2D 
model are the following: 
• the discretisation uses linear triangular elements (P1) 
with matrix storage by segments, to optimise 
calculation times, 
• equations are solved in the wave equation form, 
• the numerical scheme used for the advection of 
velocities is the method of characteristics, 
• for solving the propagation step, the conjugate 
gradient method has been chosen, with a diagonal 
preconditioning, 
• the boundary conditions for the open liquid 
boundaries at which the tidal conditions (depth 
and/or velocity) are imposed are treated using the 
Thompson method with calculation of 
characteristics, 
• for the suppression of free-surface parasite 
oscillations, the keyword FREE SURFACE 
GRADIENT COMPATIBILITY is taken to equal 
0.5, 
• the chosen time step is 20 s. 
To take account of the tidal flats, a correction of the free 
surface computations by elements is used. Moreover, in order 
to ensure that water depths remain positive over the entire 
study domain (particularly given the presence of tidal flats), 
the following innovation, introduced from TELEMAC 
version 6.0 onward, is used: no upwind for SUPG, total 
mass-lumping for depth, correction of velocities at the points 
with imposed depth where the continuity equation has not 
been solved and a treatment to suppress negative depths by a 
limitation of fluxes. 
Some specific treatments to model tides are used (the first 
three of which have been available to use routinely since 
version 6.2, the treatments for which are described in 
subsection II.C). Tidal signals for the boundary conditions at 
the liquid open boundaries are reconstructed from the three 
databases of harmonic constants, with some variants (see 
subsection II.B). Two calibration parameters are used in 
order to correctly reproduce the tidal range and the velocities 
on the zone (at ADCP locations). The initial conditions on 
the free surface and velocities are established from the local 
European Shelf solution, the harmonic constants of which are 
stored in the binary database for tides. For sea level 
calibration, it has been found to be necessary to introduce a 
non-constant mean sea level over the extent of the domain, in 
order to correctly calibrate the sea levels at the ports on the 
zone. Thus, a “pseudo” mean level has been generated based 
on the JMJ numerical model that covers the near Atlantic 
Ocean, the English Channel and the southern part of the 
North Sea. These data are read from a binary data file in 
Serafin format and used in the CORFON subroutine to 
change the bottom elevation reference. 
The TELEMAC-2D computations are carried out on the 
EDF R&D IBM Debian “Ivanoé” cluster (200 TFlops). The 
processor specifications are as follows: 24 GB RAM per 
node (1 node = 2 hexa-core processors, running at 
2.93 GHz). The CPU time required for a 4 or 5 day (resp. 
3 month) simulation is approximately 1 min (resp. 25 min) 
for a 12-processor run. 
D. Results 
Data used to calibrate and compare the results that are 
obtained using the numerical models of the Paimpol-Bréhat 
zone come from SHOM data (particularly tidal sea levels) 
and results from measurement (ADCPs deployed at sea, see 
subsection III.B). 
Models using different databases of harmonic constants 
have been calibrated with ADCP measurements at two 
locations during a four-day period from June 3rd to 6th 2008 
that corresponds to spring tides. With the use of the two 
coefficients to calibrate tidal range and tidal velocities and a 
Strickler coefficient to model the friction through the bed, the 
various numerical models have been calibrated. 
As described in subsection III.C, dissipation through bed 
friction is modelled with a Strickler coefficient that is 
uniform over the entire study domain. It is set at 27 m1/3/s. 
The choice of a Strickler coefficient value of 27 (rather than 
25 or 30, for example) was made when calibrating the model 
with the JMJ model to reproduce the maximum velocity 
during flood in early June 2008. This value has been retained 
when using the other databases of harmonic constants. 
Then, with the chosen parameters, three months 
corresponding to the duration of the ADCP measurements 
are simulated and compared. In particular, two periods of 
spring tides are looked at closely (approximately one and two 
months before the period of calibration, i.e. April 5th to 9th 
and May 4th to 8th 2008). 
Figs. 5 to 8 illustrate the time series of water depths at the 
two ADCP locations (ADCP measurements are illustrated by 
red points, the TELEMAC-2D model by continuous lines); 
Figs. 5 and 6 show a fragment of the period of time used to 
calibrate the model (from June 4th to 5th)  whereas Figs. 7 and 
8 show the two fragments of periods of time to compare the 
results at location 2. Figs. 9 to 14 illustrate the time series of  
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Figs. 9 and 10 show a fragment of the period of time used to 
calibrate the model (from June 4th to 5th) whereas Figs. 11 to 
14 show the two fragments of periods of time to compare the 
results. 
During the four-day period to be calibrated, tidal ranges 
are well reproduced for all databases, although slightly better 
for the various OSU solutions (TPXO, AO, ES, etc.) and the 
NEA atlas. Nevertheless, some differences can be seen when 
comparing velocities: velocities modelled with the local ES 
solution or the NEA atlas match rather well with ADCP 
measurements at the two ADCP locations, whereas the JMJ 
model is not able to accurately reproduce the maximum flood 
and ebb velocities with the same choice of calibration 
parameters. 
The qualitative concurrence between the velocities 
simulated in the model and the measurements is quite 
satisfactory with regard to measurement points 1 and 2 of the 
spring 2008 campaign (particularly for direction: see Figs. 15 
and 16). 
 
These conclusions are strongly corroborated by 
simulating the full three months; even tidal ranges are not 
well reproduced using the JMJ database. 
With the regional Atlantic Ocean solution or the TPXO 
global solution from OSU, huge velocities may appear in the 
domain in some cases, coming from areas where tidal flats 
may be present (velocities may be high due to the division of 
transport by the water depth in the subroutines). Local 
solutions seem to be required when modelling coastal areas 
(such as the European Shelf solution). This is confirmed on 
the website of the OSU Tidal Data Inversion [7]. The larger 
models covering an ocean or the globe seem to be more 
useful when tidal flats do not appear. 
The optimal assimilated solution for the NEA allows for 
tidal range results to be reproduced as well as with the prior 
NEA solution (the hydrodynamic solution that is not 
assimilated). However, for this test case, velocities are 
reproduced less well. 
IV. CONCLUSION AND PROSPECTS 
New developments for modelling tides have been 
incorporated into version 6.2 of TELEMAC (2D and 3D). 
Users are now able to calculate open boundary conditions 
from various databases of harmonic constants, in particular 
over the European coasts along the Atlantic Ocean, the 
English Channel or the North Sea, but also all over the world 
with the solutions from Oregon State University (TPXO 
global tidal solution and the regional and local tidal 
solutions). This paper briefly describes the various databases 
and how they have been implemented in version 6.2 of 
TELEMAC. A coastal test case is described and used to 
compare with the results obtained using open boundary 
conditions calculated with these various databases. European 
Shelf (ES) and North East Atlantic (NEA) give quite good 
and solid results for this test case (for elevation and 
velocities). 
A manual is to be published on modelling tides with these 
various databases in version 6.2 of TELEMAC. Other 
databases will be available in the future for use with 
TELEMAC, such as FES2004 global atlas, and the 
forthcoming (December 2012) FES2012 global atlas from 
LEGOS. FES2012 atlas will provide tidal currents in addition 
to tidal elevations (see [13] for project details). One major 
improvement (compared to previous atlases) is the increased 
accuracy and resolution of bathymetry that has been used in 
the production of the prior (i.e. hydrodynamic) tidal 
solutions. In addition to 2D atlases, a new, experimental tidal 
3D currents atlas is in preparation for the NEA domain, 
expected to be released in early 2013. Finally, CTOH 
(LEGOS) has released a tidal elevation dataset for 
shelf/coastal seas derived from along-track altimetry 
observations [14]. Modelling tides has become less 
challenging for TELEMAC users. 
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